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CHOCOLATE PRODUCTION METHOD AND APPARATUS
CROSS REFERENCE TO RELATED APPLCATIONS

[1] This application claims priority to U.S. Provisional Application No.61/592,648,
filed January 31, 2012. The contents of U.S. Provisional Application No.61/592,648 are
incorporated by reference herein. '
FIELD
[2] The present invention relates to chocolate production methods and apparatus.
SUMMARY
[3] The present invention relates to a method and an apparatus for producing a
chocolate product. The method includes delivering liquid chocolate having a viscosity
through a pipe along a delivery path to a production station for producing the chocolate
product. - The liquid chocolate includes solid particles suspended within the liquid
chocolate. The method changes the viscosity of the liquid chocolate by applying an
electric field to the liquid chocolate in a direction along the delivery path to aggregate
the suspended solid particles into streamline shapes arranged in short chains extending
along the direction of the delivery path.
BACKGROUND
[4] Chocolate contains antioxidants and therefore may provide health benefits,
Conventional chocolate products contain excess fat which may lead to health concerns
such as obesity. In fact, most chocolate products contain 25% to 35% fat content.
[51 In general, liquid chocolate used to manufacture chocolate products includes
excess melted fat (e.g. cocoa butter) that is purposeiy added to the liquid chocolate in
an attempt to lower the viscosity for manufacturing purposes. This excess melted fat is
used because even at the chocolate melting temperature, the viscosity of liquid
chocolate may be too high for manufacturing. Thus, an unhealthy amount of fat may
be added to the liquid chocolate for the purposes of reducing the viscosity during
manufacturing.
BRIEF DESCRIPTION OF THE FIGURES
[6] Figure 1 is a graph depicting the relationship between shear stress and shear
rate for liguid chocolate according to an embodiment of the present invention.
[7] Figure 2A is a side view of an electric field being applied to the liquid chocolate
as it flows through a pipe according to an embodiment of the preseht invention.
[8] Figure 2B is a side view of an electric field being applied to the liquid chocolate
as it flows through a pipe according to another embodiment of the present invention.
[9] Figure2Cis a side view of solid columns formed perpendicular to the flow of the
liquid chocolate within the pipe according to an embodiment of the present invention,
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[10] Figure 2D is a side view of chocolate product manufacturing equipment applying
an electric field to the liquid chocolate according to an embodiment of the present
invention.

[11] Figure 3A is a system diagram of a test bench utilized to measure the flow rate
of the liquid chocolate as an electric field is applied according to an embodiment of the
present invention.

[12] Figure 3B is a system diagram of another test bench utilized to measure the
flow rate of the liquid chocolate as an electric field is applied according to an
embodiment of the present invention.

[13] Figure 4A is a graph depicting the flow rate versus time as an electric field is
applied to the liquid chocolate in the test bench of Figure 3A according to an
embodiment of the present invention.

[14] Figure 4B is a table depicting the electric field application time versus strength
as an electric field is applied to the liquid chocolate in the test bench of Figure 3B
according to an embodiment of the present invention.

[15] Figure 4C is a graph depicting the viscosity versus time as an electric field is
applied to the liquid chocolate in the test bench of Figure 3B according to an
embodiment of the present invention.

[16] Figure 4D is a graph depicting the flow rate versus time as an electric field is
applied to the liquid chocolate in the test bench of Figure 3B according to an
embodiment of the present invention,

[17] Figure 4E is a graph depicting the viscosity versus time as an electric field is

_ applied to the liguid chocolate in the test bench of Figure 3B according to an

embodiment of the present invention.

DETAILED DESCRIPTION
[18] The present invention provides methods and systems for reducing the viscosity
of liquid chocolate as it is flowing (e.g. through a metal or plastic pipe) or coating a
product during production of a chocolate product. Specifically, an electric field is
applied along the direction of the flow of the liquid chocolate (e.g. along a direction of a
delivery path through the pipe delivering liquid chocolate to a production station that
produces chocolate products) at a specified strength and duration in order to aggregate
solid particles suspended within the liquid chocolate. As the particles aggregate into
streamlined shapes along the flow direction, the viscosity of the liquid chocolate
decreases. The size of the streamlined aggregates is controlled by the combination of
electric field strength and duration. Embodiments of the methods and systems
described herein allow for control of liquid chocolate viscosity without the need to add
excess melted fat.
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[19] Liquid chocolate is a suspension comprised of solid particles (e.g. sugar
particles, cocoa particles, milk particles, etc.) suspended in a liquid that is typically
melted fat (e.g. cocoa butter or an equivalent). In general, liquid cocoa butter behaves
as a Newtonian fluid. However, with the addition of the suspended particles, the liquid
chocolate deviates from Newtonian behavior. In general, the shear stress of the liquid
chocolate has pseudo plastic behavior. As shown in Figure 1, the relationship between
the shear stress and the shear rate is close to exponential (i.e. it is not linear), and
can be modeled by the Casson Model shown in equation 1 below.

608 = 0% + K, (9% (Equation 1)
where 7 is the shear stress, < ,is the yield shear stress, i is the shear rate and Ky is

a constant. From the Casson model it is found that the viscosity # of liquid chocolate

(described in equation 2) decreases as the shear rate increases.

G
"TE (Equation 2)
[20] Two characteristics of liquid chocolate is yield shear stress and its viscosity. The
value of the yield shear stress is related to the minimum energy required to start the
chocolate flowing. If the yieid shear stress is high, the chocolate will be thicker and
tend to stand up, which may be beneficial for putting on sweets or in producing
chocolate morsels for baked cookies, for exampie. A low yield shear stress may be
beneficial to give a thin coating of chocolate over a biscuit, for example.
[21] In general, viscosity is a measure of resistance of a fluid which is being
deformed by either shear or tensile stress. Viscosity determinés the size of the pumps
needed to pump the liquid chocolate through pipes and determines a coating thickness
on a potential chocolate product. If a strong electric field is applied to liquid chocolate
in a direction perpendicular to the shear or fiow direction (see Figure 2C), then the
yieid stress and viscosity are increased. As chocolate flows from section 202 in pipe
206 towards section 204, the electrical field applied by electrodes 208 and 210 (e.g.
acting as a capacitor) induce the solid particles in the liquid chocolate to align with each
other and form solid vertical columns 218 perpendicular to the flow by a dipolar
interaction. This effect (i.e. the Winslow effect) increases the viscosity of the liquid
chocolate exposed to the electric field and may completely stop the flow of chocolate
through pipe 206 (i.e. vertical columns 218 perpendicular to the flow would block the
flow from exiting the pipe-at 204). '
[22] By arranging the electrodes in a manner shown in Figures 2A and 2B, however,
an electric field is generated between the electrodes ih a direction parallei or anti-.
parallel (i.e. aiong the delivery path) to the flow of the chocolate through pipe 206.
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The delivery path may be flowing from a vessel which holds the liquid chocolate,
through the pipe, to a production station that produces chocolate products at a desired
viscosity.

[23] Electrodes 208 and 210 are positioned within pipe 206. In one embodiment
(Figure 2A), electrodes 208 and 210 may be metallic meshes (e.g. a pair of grates)
that allows the chocolate to flow through the electrodes along the delivery direction of
the pipe. In another embodiment (Figure 2B), electrodes 208 and 210 may be metallic -
rings, which are formed or mounted on the pipe’s inner wall, Electrodes 208 and 210
may be electrically connected to an electrical power supply 212 that includes a power
source and an electronic controller 232 for applying a voltage potential across
electrodes 208 and 210, which results in an electric field between the electrodes,
Electrodes 208 and 210 may also be coated with a non-conductive material (e.g. food
grade plastic énd/or rubber) to prevent the liquid chocolate from coming in direct
contact with the electrodes. This coating may be useful in reducing electrical current
flowing between the electrodes, and ensuring the integrity of the metallic electrodes
over prolonged use. .
[24] In general, as the liquid chocolate flows through pipe 206, it has a relatively
high viscosity in region 202, including 214. As it flows between electrodes 208 and
210, the solid particles suspended in the liquid chocolate begin to agglomerate into
larger stream line aggregates resulting in a reduced viscosity in region 216 and 204,
[25] Specifically, as shown in Figure 2A and Figure 2B, as the liquid chocoiate flows
from the left to the right along pipe 206, the liguid chocolate passes through the
electric field between electrodes 208 and 210. The solid particles suspended in the
liquid phase are polarized by the electric field. The induced dipolar interaction forces
the particles to temporarily aggregate into short chains or ellipsoids that are along the
fltow direction. The size of the streamlined shapes may be relatively small (e.g. less
than or equal to one hundred micro-meters).

[26] In general, the aggregated chains in Figures 2A and 2B are different from the
aggregated chains in Figure 2C, because the aggregated chains in Figures 2A and 2B
are small and are arranged along the flow direction of the liquid vchocoiate. The flow of
these streamlined particle aggregates becomes organized in short chains along the pipe
direction, so that the apparent viscosity of the liquid chocolate is reduced.

[27] Thus, the relatively high viscosity liquid chocolate on the left side of the pipe in
Figure 2A and Figure 2B is agglomerated between electrodes 208 and 210 which

produce a liquid chocolate on the right side of pipe 206 having reduced viscosity. The

reduced viscosity may gradually increase back to the original viscosity value over a
period of time after being exposed to the electrical field.
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[28] In operation, liquid chocolate passes through electrodes 208 and 210 positioned
in at least one of a plurality of locations within a delivery pipe (e.g. a metal or plastic
vessel) during the manufacture of chocoiate products (e.g. candy bars, etc.). An
example of chocolate product manufacturing equipment is shown in Fig. 2D where
liquid chocolate is pumped from tank'220, through pipe 206 (along delivery path 250)
and is applied to candy 246, for example, using applicator 222 to produce a chocoiate
product 244 (e.g. a chocoiate covered candy bar).

[29] Controller 232 (e.g. a microprocessor, a FPGA, a dedicated circuit, etc.) controls
an electrical power supply (internal the controller or external (not shown)) to generate
and apply the same voltage (e.g. of a‘predetermined magnitude) or different voltages
to the electrode pairs at locations 252 and 254 (via wires 224, 226, 228 and 230). The
application of the voltages to the electrodes produces an electric field at a specified
poiarity along the flow direction (i.e. the delivery path 250) of the liquid chocoiate,
which changes the viscosity of the liquid chocolate. The magnitude of the voltages
applied to the electrodes along with the spacing between the electrodes determines the
strength of the electric fieid,

[30] "It is noted that the electric fleid may be a direct current (DC) or an alternating
current (AC) electric field that is applied to the liquid chocolate. It is also noted that
the metallic meshes or metallic rings may be of essentialiy any configuration that
provides an electric field along the flow direction of the fiquid chocolate whiie aliowing
the liquid chocolate to pass along a flow path between the electrodes.

[31] Itis noted that the applied electric field is selected to be in a strength range
that is conducive to reducing the viscosity of the liquid chocolate. For example, if the
electric field strength is too small, reduction in viscosity may be insignificant or may not
occur at all. If the electric field strength is too large, the viscosity may actually be
increased.

[32] Itis noted that the duration of the electric field is also chosen to be in a range
that is conducive to reducing the viscosity of the liquid chocolate. In one example,
after the applied electric field strength is selected, an appropriate duration of the field
application to the liquid chocolate may then be selected. This time duration may be
related to the strength of electric fieid. For example, if the field is first selected to be
strong, the duration may then be selected to be short. In another example, the electric
field duration may be selected first, and then an appropriate electric field strength may
be selected based on the duration. In general, by selecting an appropriate combination
of electric field strength and electric field duration, an optimal viscosity reduction for
iiquid chocolate may be attained.
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[33] In one example, controller 232 may be programmed or controlled by an
operator to ensure that a predetermined viscosity of the liquid chocolate flowing
through pipe 206 is obtained. For example, controller 232 may be programmed to
deliver liquid chocolate at a desired viscosity to applicator 222 to ensure that candy
246 on assembly line 242 are coated properly to produce desired chocolate products
244. These parameters along with other parameters such as temperature may be
utilized by the controller 232 to det’ermAine an electric field strength and a duration to
obtain a predetermined viscosity of the liquid chocolate that is beneficia! for producing
chocolate products such as a candy bar.

[34] In some products, a thicker chocolate may be desired while in other products, a
thinner chocolate may be preferred. Thus, the viscosity of the liquid chocolate‘may be
controlled depending on requirements of the chocolate products. -

[35] Sensors (not shown) such as flow rate and/or temperature sensors may be
implemented in the pipe to determine the viscosity of the liquid chocolate at one or
more locations during the manufacturing process. In another example, the electrical '
power being consumed by the pump may aiso be used as an indicator of flow rate
and/or viscosity of the chocolate (i.e. high power consumption may indicate high
viscosity), This data may then be utilized by the controller 232 to further control the
electric field applied to electrodes 208 and 210. For example the liquid chocolate may
be maintained below a predetermined viscosity level to ensure proper functioning of
the manufacturing equipment.

[36] 1Itis shown in Fig. 2D that the controller may communicate (i.e. receive and/or
transmit information) to control various pieces of equipment in the manufacturing
process using one or more control lines. These (wired or wireless) control lines may
include, but are not limited to, chocolate applicator line 234, conveyor belt line 236,
operator interface line 237, pump line 238, sensor line 240 and/or valve line 241,
[37] In one example, the controller may control the production equipment by
controlling the electric field applied to the liquid chocolate, pumps pumping the liquid
chocolate through the pipe, applicators applying the liquid chocolate to the candy
prdducts, conveyor belts moving candy for application of liquid chocolate, heating
devices heating the liguid chocolate, sensors for detecting various characteristics of the
liquid chocolate (e.g. temperature, flow rate, viscosity, etc.), valves for allowing the
liquid chocolate to flow through pipes and applicators, valves for mixing ingredients
(e.g. melted fat) into the liquid chocolate and a user interfaces for interfacing (i.e.
inputting and outputting information) to an operator.

[38] Figure 3A is a test bench setup that was utilized to test the viscosity of liquid
chocolate in the presence of an electric field. As shown in Figure 3A, a heating surface
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306 maintains the chocolate in a liquid form. The liquid chocolate 308 is then forced
through metallic meshes 310 and 312 by a weight 302 and piston 304. As the liquid
chocolate 308 is forced between electrodes 310 and 312, it is exposed to an electric
field if a voltage is applied to the electrodes and its viscosity is reduced (i.e. its flow
rate is increased if an electric field of a desired strength and duration is applied). The
liquid chocolate with low viscosity is then collected in a container 314. The flow rate is
then measured by a computer 318 connected to a balance 316.

[39] In one experiment, the liquid chocolate is maintained around 40°C utilizing
heating surface 306. Under gravity, the liquid chocolate flowed through the metallic
meshes 310 and 312 which applied a predetermined electric field in the flow direction
of the chocolate, The balance 316 measured the liquid chocolate’s mass as a function
of time. This allowed the flow rate through pipe 320 to be determined.

[40] Figure 4A shows a graph of the flow rate of the liquid chocolate (402, 404, 406,
408 and 410) versus time for the test bench in Figure 3A. For the data in Figure 4A,
there was no additional weight applied. The liquid chocolate first flowed down through
the pipe without any electric field being applied. The flow rate was approximately
0.0106 g/s (see 402) indicating that the viscosity of the liquid chocolate is about 41.3
Pa.s. After an electric field of 575 V/cm was applied, the flow rate was increased to
0.01798 g/s (see 404) which reduced the viscosity to 24.46 Pas, (i.e. a 41% decrease
in viscosity after being exposed to the electric field). In this experiment, the liquid
chocolate took approximately 1 minute to flow by the two electrodes and into container
314,

[41] After 10 minutes, the electric field was turned off, and the flow rate began to
decrease indicating that the reduced viscosity gradually returned to its original value
(i.e. see data 406, 408 and 410 where the flow rate gradually decreases over time
after the electric field has been turned off), In other experiments, the electric field was
reapplied to the liquid chocolate and the viscosity reduction was repeated.

[42] Figure 3B is another test bench similar to the test bench in Figure 3A, However,
the test bench in Figure 3B uses pressurized gas (not a weight) to force the liquid
chocolate through pipe 320. Also, the test bench in Figure 3B is located inside an
incubator 328 to keep the chocolate at a desired temperature. Heating surface 306 is
therefore not needed in this test bench.

[43] In general, préssurized gas (e.g., nitrogen) under control of computer 318 is
applied to liquid chocolate 308 through pipe 322. In response to the applied pressure,
liquid chocolate 308 is forced through electrified meshes 310/312, through tube 320
and into container 314 where its weight is measured by balance 316. The test bench in
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Figure 3B also may include a temperature sensor 326 that allows the computer to
monitor the temperature of the liquid chocolate during the testing process.

[44] Figure 4B shows the relationship between the application time of the electric
field and the optimal eiectric field strength for the test bench in Figure 3B. In general,
as the application time increases, the strength of the electric fieild decreases (i.e., the
longer it takes for the chocolate to flow thro.ugh the electric field, the lower the electric
field strength needs to be). This inverse reIAationship is shown in rows 412, 414, 416,
418, 420 and 422 of the table in Figure 4B.

[45] Figure 4C shows a graph of the viscosity of the liquid chocolate (424 and 426)
versus time for the. test bench in Figure 3B. In one example, (corresponding to row
414 in Figure 4B) a chocolate sample at 40°C took 9.37 seconds to flow through an
electric field with a strength of 1838 V/cm. In this example, the viscosity was reduced
from 43.23 Pa.s (see 424) to 29.53 Pa.s (see 426). This particular electric field
application produced a 31.7% reduction in viscosity.

[46] For tempered chocolate, it was found that the eiectric field needed to be slightly
higher. In general, to temper chocolate, solid chocolate is shaved. To produce fine
shavings, a mesh is used to filter the particies. Soiid chocolate with diameter less than
a set size (e.g., 150 micro-meters) are used as seeds. About 1kg chocolate was
meited at 40°C and cooled down to 30°C. After 10g fine solid chocolate was mixed,
the experiment using the test bench began. It is noted that the viscosity of the
tempered chocolate increases very fast. It solidifies in about 30 minutes. Within this
period, however, an electric field may be applied to reduce its viscosity.

[47] Figures 4D and 4E show graphs of flow rate (428, 430, 432, 434, 436, 438 and
440) and viscosity (442, 444, 446, 448, 450, 452 and 454) versus time respectiveiy for
the tempered chocolate. As shown in Figure 4D, nine minutes after the mixing, the
flow rate was 0.477545 g/s (see 428) under 1.56 Psi of pressure. When the electric
field 1.2kV/cm was turned on, the flow rate increased to 0.584745 g/s (see 430) (an
increase of 22.45%). After 100 seconds of electric field application, the electric field
was turned off and the corresponding flow rate was 0.465407 g/s (see 432). The flow
rate was measured every 30 seconds thereafter. In about 180 seconds, the flow rate
decreased to 0.33801 g/s (see 440) (reduced by 27.3%). This indicated that the
tempered chocolate was solidifying.

[48] From the flow rate, it was found that the viscosity (see Fig. 4E) was about
121.82 Pa.s (see 442) at nine minutes after the mixing. When an electric field of 1.2
kV/cm was applied, the viscosity was down to 99.487 Pa.s (see 444). After the electric
field was turned off, the viscosity was 125.0 Pa.s (see 446). In another three minutes,
the viscosity was increased to 172.1 Pa.s (see 454).
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- [49] Itis noted that the inventors have discovered that a suitable range for the

electric field is from 100 V/cm to 6000V/cm, and works particularly well in the range of
500 V/cm to 800 V/cm for some types of chocolate (e.g. Milk Chocolate available from
Hershey of Hershey Pennsylvania). If the electric fieid applied is too wéak, there may
be no noticeable viscosity reduction. On the other hand, if the applied electric fieid is
too strong, the viscosity may actually increase. Because the liquid chocolate has a
strong electrorheological effect (ER) the solid structure aggregates may become too
large if exposed to an electrical field that is too strong, which would lead to increased
viscosity (i.é. if the aggregates increase from micro-meter size to a larger macro-scopic
size).

[50] As described above, the duration of the electric field may be chosen based on
the selected strength of the electric field (i.e. if the field is stronger, then the duration
may be shortened) or visa versa. It is aiso noted that the duration of the electric field
applied to liquid chocolate is equal to the time for the liquid chocolate to pass through
the electric field. This duration can be changed if needed by adjusting the flow rate of
the liquid chocolate (e.g. increasing/decreasing pump power), and/or by
increasing/decreasing the gap between the two electrodes. By selecting a combination
of an electric field strength and a duration of the field, viscosity reduction can be
optimized for the flow of liquid chocolate through a pipe. It is furthermore noted that
the electric current flowing between the meshes in the test benches was found to be
very small {(e.g., a couple of micro amperes). This indicates that the system is energy
efficient while reducing the viscosity of the chocolate. '

[51] Although the invention is illustrated and described herein with reference to
specific embodiments, the invention is not intended to be limited to the details shown,
Rather various modifications may be made in the details within the scope and range of
equivalence of the claims and without depatting from the invention.
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CLAIMS
1. A method for producing a chocolate product, the method comprising:

delivering iiquid chocolate having a viscosity through a pipe along a delivery
path to a production station for producing the chocolate product, the liquid chocolate
including solid particles suspended within the liquid chocolate; and

changing the viscosity of the liquid chocolate by applying an electric field to the
liguid chocolate in a direction along the delivery path of a strength and duration
determined to aggregaté the suspended solid particles into streamlined shapes
extending along the direction of the delivery path.
2. . The method of claim 1, wherein changing the viscosity comprises:

applying the electric field in a strength range of 300V/cm to 1000V/cm.
3. The method of claim 1,

wherein the liquid chocolate comprises melted fat and the solid particles
suspended in the melted fat, and

wherein the suspended solid particles include at least one of sugar particles,
cocoa particles or milk particles.
4, The method of claim 1, further comprising:

determining the strength and duration for applying the electric field to the liquid
chocolate based on a predetermined consistency of the chocolate product.
S. The method of claim 1, further comprising:

determining the strength and duration for applying the eiectric field to the tiquid
chocolate based on a predetermined fat content of the chocolate product.
6. The method of claim 1, further comprising:

determining the strength and duration for applying the electric fieid to the liquid

“chocolate based on a type of chocolate used in the production of the chocolate product,

7. The method of claim 1,

controlling the strength and duration for applying the electric fieid based on the
determined flow rate of the liquid chocolate along the delivery path.
8. The method of claim 1,

controlling the strength and duration for applying the electric field based on the
determined viscosity of the liquid chocolate along the delivery path,
9, The method of claim 1,

tempefing the liquid chocolate prior to delivering the liquid chocolate through
the pipe.
10. A system for producing a chocolate product, the system comprising:
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a chocolate delivery pipe for flowing liquid chocolate having a viscosity along a
delivery path to a production station for producing the chocolate product, the liquid
chocolate including soiid particles suspended in the liquid chocolate; and

at least two electrodes integrated into the chocolate delivery pipe for changing
the viscosity of the liquid chocolate by applying an electric field to the liquid chocolate
in a direction along the delivery path of a strength and duration determined to
aggregate the solid particles into streamlined shapes extending along the direction of
the delivery path. |
11. The system of claim 10,

wherein the at least two electrodes are metallic meshes coupled to a pair of
respective output terminals of an electric power supply that produce the electric fieid.
12. The system of claim 10,

wherein the at least two electrodes are metallic rings coupled to a pair of
respective output terminals of an electric power supply that produce the electric field.
13.  The system of claim 10, further comprising ‘

a controller coupled to the at least two electrodes to control the strength and
duration of the electric field applied to the liquid chocolate to reduce the viscosity to a
predetermined level,

14, The system of claim 10, further comprising

a controller, and

wherein the controller controls a flow rate of the liquid chocolate to adjust the
duration during which the electric field is applied to the liquid chocolate.

15. The system of claim 10, wherein

the electrodes are space to produce a gap between the electrodes, and

the gap is adjusted to control the duration during which the electric field is |
applied to the liguid chocolate.

16. The system of claim 10, further comprising

a source of melted fat; and

a controller controlling an amount of meited fat included in the liquid chocolate
based on the electric field.

17. The system of claim 10, further comprising

a sensor located in the chocolate delivery pipe for measuring a flow rate or
viscosity of the iiquid chocolate. '

18. The system of claim 17, further comprising

a pump for pumping the liquid chocolate through the chocolate delivery pipe, a
speed of the pump being controlied based on a signal received from the sensor located
in the chocolate delivery pipe. '

6
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19. A system for producing a chocolate covered candy product, the method
comprising:

a chocolate delivery pipe and a pump for flowing liquid chocolate having a
viscosity along a delivery path to an applicator, the liquid chocolate including solid
particles suspended in the liquid chocolate, the applicator applying the liquid chocolate
to a candy product to produce the chocolate covered candy product;

at least two electrodes integrated into the chocolate delivery pipe for changing
the viscosity of the liquid chocolate by applying an electric field to the liquid chocolate
in a direction along the deiivery path to the applicator of a strength and duration to
aggregate the suspended solid particles into streamlined shapes extending along the
direction of the delivery path; and

a controller for controlling the strength of the electric field, the duration of the
electric field and a pumping speed of the pump to supply liquid chocolate at a
predetermined viscosity to the appiicator.

20, The system of claim 19, further comprising

at least two other eiectrodes integrated into the chocolate delivery pipe for
changing the viscosity of the liquid chocolate by applying another electric fiéld to the
iiquid chocolate in a direction along the delivery path to the applicator.

21.  The system of claim 19, further comprising

sensors integrated into the chocolate delivery pipe for sénsing a flow rate or a
viscosity of the liquid chocolate.

22, The system of claim 19, wherein

the controller determines a flow rate or a viscosity of the liquid chocolate based
on electric power consumption of the pump.
23. The system of claim 19, wherein

the liquid chocolate is pumped from a liquid chocolate tank and the controller
controls mixing of the liquid chocolate in the tank based on the predetermined
viscosity.

24, The system of claim 19, wherein

the controller includes an operator interface having an input and a display for an
operator of the system to manualiy control the flow rate or viscosity of the liquid
chocolate.

25. The system of claim 19, wherein

the at least two electrodes are metallic eiectrodes coated with non-conductive

food grade plastic.
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WO 201116428 PCT/US2013/023948 34-627

METODO Y EQUIPO PARA LA PRODUCCION DE CHOCOLATE
REFERENCIA CRUZADA A APLICACIONES RELACIONADAS

1] [ista aplicacidn reclama prionidad a la Aplicacion provisional de los JE.UU. N° 61/392,648.
presentada el 31 de encro de 2012, Los contenidos de a Aplicacion provisional de los EE.UTU. N°
01/392.648 s¢ incorporan ¢n la presente por referencia.

CAMPO
2] L:l presente mvento se reficre a los métodos y al equipo de produccion de chocolate.
RESUMEN

(3 IZl presente invento se refiere a un método y a un equipo para producir un producto de
chocolate. El método incluye el suministrar un chocolate liguido con cierta viscosidad a través de una
tuberia a lo largo de una via de suministro a una estacién de produccion para producir un producto de
chocolate, il chocolate liquido incluye particulas solidas suspendidas cn ¢l chocolate liquido, I}
metodo cambia la viscosidad del chocolate liquido mediante la aplicacion de un campo cléctrico al
chocolate liguido en una direccion a lo largo de la via de suministro para agregar las particulas
sohdas suspendidas en {ormas acrodinamicas colocadas en cadenas cortas que se extienden cn la
dircecion de la via de suministro.

ANTECEDENTES

(4] I:l chocolate contiene antioxidantes y por lo tanto puede proporcionar beneficios a la salud.
[L.os productos de chocolate convencionales conticnen un exceso de grasa lo que puede causar
problemas de salud tales como obesidad. De hecho, la mayoria de los productos de chocolate
conticnen ¢ntre un 25 y un 33% de contenido en grasa.

15] [n general, ¢l chocolate liquido usado para fabricar productos de chocolate incluye un exceso
de grasa derretida {por ¢J. manteca de cacao) que se afiade a proposito al chocolaie liquido con el
proposito de reducir la viscosidad para {ines de [abricacion. Este exceso de grasa derrctida se usa
porque incluse a la temperatura de fusion, la viscosidad del chocolate liquido puedc ser demasiado
alta para la [abricacion. Por consiguiente, quede que se aflada una cantidad de grasa dafiina al
chocolate liquido con el {in de reducir la viscosidad durante la fabricacion.

DESCRIPCION BREVE DE LAS FIGURAS

16} [La ligura | ¢s una gralica que representa la relacion entre la fuerza de corte y la velocidad de
corle para el chocolate liguido seglin una encarnacion del presente invento.

171 la figura 2A cs una vista lateral de la aplicacion de un campo elécirico al chocolate liguido
mientras {luye a través de una tuberia segiin una encarnacion del presente invento,
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|8} [La figura 2B es una vista lateral de un campo eléctrico aplicado al chocolate liguido mientras
NMuve a traves de una tuberia segin otra encarnacton del presente invento.

(9] lLa figura 2C es una vista lateral de columnas solidas formadas perpendiculares al flujo del
chocolate liguido dentro de la tuberia segin una encarnacion del presente invento.

[10]  l.aJigura 21> es una vista lateral de un equipo de fabricacion de un praducto de chocolate
aplicando un campo ¢léetrico al chocolate liquido segin una encarnacion del presente invento.

H11} l.a figura 3A es un diagrama de sistema de un banco de pruebas utilizado para medir la
velucidad de flujo del chocolate liguido cuando se aplica un campo eléctrico segin una encarnacion
del presente invento.

[12]  La figura 3B es un diagrama de sisiema de otro banco de pruebas utilizado para medir la
velocidad de flujo del chocolate liquido cuando se aplica un campo eléctrico seglin una encarnacion
del presente invento,

[13]  Latigura4A es una griadica que deseribe [a velocidad de flujo en funcion dc! tiempo cuando
se uplica un campo eléctrico al chocolate liquido ¢n el banco de pruebas de la figura 3A segiin una
encarnacion del presente invento.

[14]  La figura 4B es una tabla que describe el ticmpo de aplicacion de un campo eléctrico frente a
la fuerza cuando sc aplica un campo cléctrico at chocolate liguido en el banco de pruebas de la figura
313 scpun una encarnacion del presente invento.

115]  La figura 4C es una gralica que describe la viscosidad en funcion del tiempo cuando se aplica
un campo eléetrico al chocolate liquido en el banco de pruebas de la fipura 3B segun una encarnacion
del presente invento,

[16] [.a ligura 4D es una grafica que describe la velocidad de [lujo en [uncion de! ticmpo cuando
sc aplica un campo eléctrico al chocolate liquido en el banco de pruebas de la figura 3B segin una
cncarnacion del presente invenlo.

[17]  Lafigura 415 es una gralica que describe la viscosidad en tuncion del tiempo cuando se aplica
un campo cléetrico al chocolate liquido en el banco de pruebas de la figura 3B segiin una encarnacion
del presente invento.

DESCRIPCION DETALLADA
[18] [l presente invenio proporciona mélodos y sistemas para reducir la viscosidad del chocolate

liquido mientras (fuye {por ¢j. a trav¢s de una tuberia de metal o de pldstico) o bafia un producto
durante la produccion de un producto de chocolate. Especificamente, se aplica un campo eléetrico a

[
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lo largo de la direccion del flujo del ehocolate liquido (por ¢j. a lo largo de una direccion de la viade
suministro a través del tubo que suministra el chocolate liquido a una estacion de produccion que
produce preductos de chocolate) a una fuerza especificada y durante un ticmpo especificado para
agregar particulas solidas suspendidas en el chocolate liquido. A medida que las particulas se agregan
en [ormas aerodindmicas a lo largo de la dircecion de flujo, la viscosidad del chocolate liquido
disminuye. Ll tamafio de los agregados aerodinamicos se controla con una combinacion de la fuerza
y duracion del campo cléetrico. Las encarnaciones de los métodos y sistemas descritos en la presente
permiten controlar la viscosidad del chocolate liquido sin tener que afiadir un exceso de grasa
derretida,

[19] kI chocolate liquido es una suspension que comprende particulas sélidas (por ¢, particulas de
azucar, particulas de cacao, particulas de leche, etc.} suspendidas en un liquido que es tipicamente
grasa derretida (por ¢j. manteca de cacao o un equivalente). En general, la manteca de cacao sc
comporta como un {luido newtoniano. Sin embargo, con la adicion de las particulas ¢n suspension, ¢l
chocolate liguido se desvia de su comportamiento newtoniano. En general la tension de corte de!
chocolate liguido tiene un comportamicnto pseudo plastico. Segin muestra la figura 1. la relacion
entre [a fuerza de corle y fa velocidad de corte se aproxima a una relacion exponencial (es decir no es
lincar) y s¢ puede modelar de acuerdo con ¢l modelo Casson que se muestra en la ecuacion 1 a
continuacion,

oha = ﬂ-'?.s + K;{‘}J’)O" ‘ y
{L=cuacién 1)

donde o cs la [uerza de corte, oy es el limile de fluencia de corte, 7 es la velocidad de corte y K es
una constante. Det modelo de Casson se deduce que Ia viscosidad 7 del chocolate liquido (descrita en
la ccuacion 2) disminuye cuando la velocidad de corte aumenta.

-
(Ecuacion 2)

{20]  Dos caracteristicas del chocolate liquido son el limite de {luencia de corte y su viscosidad. El
valor del limite de [lucncia de corte esta relacionado con la menor cantidad de energia requerida para
hacer que ¢l chocolale empicce a MMuir, Si ¢ limite de fluencia de corte es alto, el chocolate serd mas
espeso y tendera a levantarse. lo que puede ser beneficioso para poner en dulces o para producir
pedazos de chocolate para galletas horneadas, por ejemplo. Un limite de fluencia de corte bajo pucede
ser bencticioso para dar un bafio de chocolate delgado sobre una galleta, por cjemplo.

[21]  Ln general, la viscosidad cs una medida de la resistencia de un fluido que se esta deformando
bien por la fuerza de corte o por la [uerza de tension. La viscosidad determina el tamafio de las
bombas que se necesilan para bombear el chocolate liguido a través de las tuberias y determina el
espesor de bafio en un posible producto de chocolate. Si se aplica un campo eléetrico fuerte al
chocolate liquido en una direccion perpendicular a la direccion de corte o del flujo (vea la figura 2C),
entonces aumncentan ¢l limite de (luencia y la viscosidad. A medida que ¢! chocolate {luve de la
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seceton 202 en ia tuberia 206 hacia la seccion 204, el campo eléetrico aplicado por los electrodos 208
y 210 (por ¢jemplo actuando como capacitador) induce a las particulas solidas ¢n el chocolate a
alincarse unas con otras y lormar columnas verticales solidas 218 perpendiculares al {ujo por una
interaccion bipolar, Iste efecto (es decir, el eleclo Winslow) aumenta la viscosidad del chocolate
liguido expuesto al campo eléctrico y puede detener completamente el flujo del chocolate a través de
la tuberia 206 (es decir, las columnas verticales 218 perpendiculares al flujo blogucarian ¢l flujo
impidiendo que salicse de la tuberia en 204).

{22] Al colocar los electrodos en la manera que se muestra cn las [iguras 2A y 2B, sin embargo, se
peners un campo eléelrico entre los electrodos en una direceion paralela o anti paralela (¢s decir a lo
largo de la via de suministro) al [Tujo del chocolate a través de la tuberia 206. La via de suministro
puede que esté {luyendo desde una vasija que contiene el chocolate liquido, a través de una tuberia. a
una estacion de produccion que produce productos de chocolale a la viscosidad deseada.

[23] Los electrodos 208 v 210 estan colocados dentro de fa tuberia 206. En una encarnacion (figura
2A}, los clectrodos 208 y 210 pueden ser mallas metalicas (por ej. un par de rejillas) que permiten
que el chocolate (luya a traves de los electrodos a lo largo de la direcetdn de suministro de la tuberia.
lin otra encarnacion (figura 213), los clectrodos 208 y 210 pueden ser anillos metalicos, formados o
montados en la pared intenor de la tuberia. Los electrodos 208 y 210 pueden cstar concclados
¢léctricamente a una tuente de energia cléctrica 212 que incluye una fuente de energia y un
conlrolador eléctrico 232 para aplicar un potencial de voltaje a través de los electrodos 208 v 210, lo
que resultir en un campo eléctrico entre los clectrodos. Los clectrodos 208 y 210 también se pueden
recubrir con un material no conductor (por ¢j. plastico de grado alimenlicio y/o goma) para impedir
que el chocolate liguide entre en contacto directo con los electrodos. Este recubrimiento puede ser
atil para reducir la corriente eléctrica que fluye entre ios electrodos y para asegurar la integridad de
los electrodos metalicos durante un uso prolongado.

[24]  lin general, a medida que el chocolate liquido fluye a través de la tuberia 206, ticne una
viscosidad relativamente alla cn la region 202, incluyendo 214, A medida quc fluye entre los
clectiodos 208 y 210, las particulas sdlidas suspendidas en ¢l chocolate liquido empiezan a
aglomerarse en agregados acrodindmicos mas grandes lo que resulta en una viscosidad reducida en la
region 216 y 204,

[25]  Especificamente, como se muestra ¢n la figura 2A y figura 2B, a medida que e! chocolate
liquido Huye de 1zquierda a derecha a lo largo de la tuberia 206, el chocolate liquido pasa a través del
campo eléctnco entre los clectrodos 208 y 210. L] campo eléetrico polariza las particulas sélidas
suspendidas en la [ase liquida. La interaccion dipolar inducida fuerza las particulas a agregarse
temporalmente en cadenas corlas o clipsoides que estan a lo largo de la direccion de flujo. El tamaho
de las formas acrodinamicas puede ser relalivamente pequefio (por ¢j. menor o igual a cien
micrometros).

[20] En peneral, las cadenas agregadas en las figuras 2A y 2B son diferentes de las cadenas
agregadas en la figura 2C porque las cadenas agregadas en las figuras 2A y 2B son mas pequefias y
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cstin colocadas a lo largo de la direccion de fluido del chocolate liquido. El [Tujo de estos agregados
de particulas acrodindmicas se organiza en cadenas cortas & lo largo de la tuberia, de manera que se
reduce la viscosidad aparente del chocolate liquido.

[27]  De este modo, el chocolale liquido con una velocidad relativamente alta del lado izquierdo de
la tuberia en la figura 2A y de la ligura 2B sc aglomera entre los electrodos 208 y 210 lo que produce
un chocolate liquido en el lado derecho de la tuberia 206 con una viscosidad reducida. 1.a viscosidad
reducida puede aumentar gradualmente hasta alcanzar el valor de viscosidad original a lo largo de un
periodo de iempo después de haber estado expuesio al campo cléetrico.

[28]  Cuando esta en funcionamicnto. ¢l chocolate liquido pasa a través de los electrodos 208 y 210
colocidos en 1l menos una de una pluralidad de ubicaciones en una tuberia de suministro (por ej. una
vasija metdlica o de plistico) durante la fabricacion de los productos de chocolate (por ¢j. barras de
golosias. cte.). Un ejemplo de un ¢quipo de fabricacidn de productos de chocolate se muestra en la
tigura 2D en el que ef chocolate liquido se bombea desde un tanque 220, a través de una tuberia 206
{alo largo de la via de suministro 250) y se aplica a la golosina 246, por ejemplo, usando un
aplicador 222 para producir un producto de chocolate 244 (por ¢j. una barra de golosina cubierta con
chocolale),

[29] Ll controlador 232 (por ¢j. un micraprocesador, un FPGA, un circuito dedicado, etc.) controla
una luente de energia eléctrica (interna, el controlador o externa (no se muestra)) para generar y
aplicar ¢l mismo voltaje (por ¢j. de una magnitud predeterminada) o voltajes diferentes a los pares de
electrodos en las ubicaciones 252 y 254 (via los cables 224, 226, 228 y 230). La aplicacién de los
voltajes a los electrodos produce un campo cléctrico a una polaridad especificada a lo largo de la
direccion de flujo (por gj. la via de suministro 250) del chocolate liquido, que cambia la viscosidad
del chocolale liguido. La magnitud de los voltajes aplicados a los electrodos junto con la separacion
enire los electrodos determina la fuerza del campo eléctrico.

[30]  Sc hace notar que el campo eléetrico pucde ser un campo eléctrico de corricnte continua (CC)
o de corriente alterna (CA) que se aplica al chocolate liquido. También se hace notar que las mallas
metélicas o los anillos metdlicos pueden ser esenctalmente de cualquier configuracion que
proporciona un campo cléctrico a lo largo de la direccion de (luido det chocolate liquido con tal de
que permita que ¢l chocolate liquido pase a lo largo de una via de 1lujo entre los electrodos.

[31]  Se hace notar que ¢l campo ¢léetrico aplicado se selecciona para que sea en un rango de
[uerza conducente a reducir la viscosidad del chocelate liguido. Por ejemplo, si la [uerza del campo
eléetrico es demasiado pequefia. la reduccion en fa viscosidad puede ser insignificante o puede que no
se produzca. Si la fuerza del campo eléctrico es demasiado grandc, la viscosidad puede incluso
aumentar.

[32]  Se hace notar que la duracion del campo eléctrico también se elige para que csté en un rango
conducente a reducir la viscosidad del chocolate liguido. En un ejemplo, después de que se
selecciono la fuerza del campo cléetrico aplicado, se puede entonges seleccionar una duracion
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adecuada de la aplicacion del campo al chocolate liquido. Este tiempo de duracion puede cstar
relacionado a fa fuerza del campo eléetrico. Por ejemplo, si primero se selecciona que el campo sea
fuerte. se puede, entonces. seleccionar una duracién corta. En otro ejemplo, la duracion del campo
eléctrico se puede seleccionar primero y, después, se puede scleccionar una fuerza del campo
eléetrico adecuada basada en la duracion. En gencral, seleccionando una combinacion adecuada de
luerza det campo clcetrico y duracion del campo cléetrico, se puede obtener una reduccion éptima de
la viscosidad del chocolate liquado.

[33]  L'n un ejemplo, un operador puede programar o controlar el controlador 232 para asegurar que
s¢ obtienc una viscosidad predeterminada del chocolate liquido que fluye a través de la tuberia. Por
ejemplo. el controlador 232 puede ser programado para suministrar chocolate liquido a una
viscosidad deseada a un aplicador 222 para ascgwar que las golosinas 246 en la cadena de montaje
242 scan recublertas adecuadamente para producir los produclos de chocolate descados 244. Estos
pardmetros junto con otros parametros como la temperatura pucden ser utilizados por el controlador
232 para determinar una fuerza y duracion del campo eléctrico para obtener una viscosidad
predeterntinada del chocolate liquido que es beneficiosa para producir productos de chocolate tales
como una barra de gelosma.

[34]  L:nalgunos productos, puede que se desee un chocolate mas espeso, imientras que en otros
productos. se prefiera un chocolate menos cspeso. Por consiguiente, la viscosidad del chocolate
liquido se puede controlar dependiendoe de los requerimicutos de los productos de chocolate.

|35]  Sensores (no mostrados) lales como sensores de velocidad de flujo v/o de temperatura sc
pueden implementar en la tuberia para determinar la viscosidad del chocolate liquido en una o mds
ubicaciones durante el proceso de fabricacion. En otro ejemplo, la energia eléctrica que consume la
bomba tambi¢n se pucde usar como un indicador de la velocidad de flujo y/o viscosidad del chocolate
(es decir, un consumo alto de encrgia puede indicar una viscosidad alta). El controlador 232 pucde
utilizar esios datos para controlar a un mas ¢l campo eléctrico aplicado a los clectrodos 208 y 210.
Por ejemplo ¢l chocolate liquido se puede mantener por debajo de un nivel de viscosidad
predeterminada para asegurar ¢l funcionamiento adecuado del equipo de [acturacion.

[36]  Semuestra en la figura 2D que cl controlador se puede comunicar (es decir, recibir v/o
transmuitir inlormacion) para controlar varias piczas de equipo en ¢l proceso de facturacion usando
una o varias lineas de control. Iistas lineas de control (con alambres o inalambricas) pueden incluir.
sin eslar l[imitadas a, la linea del aplicador de chocolate 234, la linca de la cinta transportadora 236, la
linca de interlaz del operador 237, la linea de la bomba 238, la linca del sensor 240 y/o la linea de la
valvula 241,

[37)  I:nunejemplo, el controlador puede controlar el equipo de produccion controlando ¢l campo
cl¢etrico aphicado al chocolate liquido, las bombas que bombean el chocolate liquido a través de la
tuberia, los aplicadores que aplican cl chocolate liquido a las golosinas, las cintas transportadores que
mucven las golosinas para que sc les aplique ¢l chocolate liguido, los equipos de calentamiento que
calientan ¢l chocolate liquido, los sensores para delectar varias caracteristicas del chocolate liguido

f
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(por gj. la temperatura, ta velocidad de flujo, la viscosidad, etc.), las vélvulas que permiten que el
chocolate liquido fluya a través de las tuberias y aplicadores, las valvulas para mezclar los
ingtedientes (por ¢j. la grasa derretida) en el chocolate liquido y unas interfaces del usuarto para
comunicarse {por ¢j. entrada y salida de informacién) a un operador.

[38]  La [igura 3A es una conliguracion de prucbas que se utilizo para medir ta viscosidad del
chocolaie Tiquido en presencia de un campo eléetrico. Como se muestra en la figura 3A, una
superficic de calentamicnto 306 mantiene el chocolate en forma liquida. El chocolate liquido se
luerza entonces a través de las mallas metalicas 310 y 312 mediante un peso 302 y un pistén 304. A
medida que sc fuerza el chocolate liquide 308 entre los electrodos 310 v 312, se expone a un campo
cléctrico si se aplica un voltaje a los electrodos vy se reduce su viscosidad (es decir su velocidad de
flujo aumenta si se aplica un campo eléctrico de la fuerza y duracion deseadas). El chocolate liquido
con viscosidad baja se recoge entonees en un contenedor 314. Intonces, una computadora 318
conectada a una balanza 316 mide la velocidad de flujo.

[39]  Lnun experimento. el chocolate liquido se mantiene alrededor de 40°C utilizando una
superficie de calentamiento 306. Por gravedad, el chocolate liquido fluyé a través de las mallas
metalicas 310 y 312 que aplicaron un campo eléctrico predeterminado en la direccion de flujo de!
chocolate. La balanza 316 midio la masa del chocolate liguido como funcion del tiempo, lo que
permiitd determinar la velocidad de (lujo a través de la tuberia.

4] 1. figura 4A muestra una grafica de la velocidad de flujo del chocolate liquido (402, 404,
406, 408 y 410) en funcion dcl tiempo para el banco de pruebas de la figura 3A. No se aplicéd ningtin
peso adicional para los datos de la figura 4A. El chocolate liguido fluyd primero cn la tuberia sin que
se aplicase ningiin campo eléctrico. La velocidad de {lujo fue aproximadamente de 0.0106 g/s (vea
402) lo que indica que la viscosidad det chocolate liguido es alrededor de 41.3 Pa s. Después de que
se aplico un campo ¢léetrico de 575 V/em, la velocidad de flujo se aumento a 0.01798 g/s (vea 404)
lo que redujo la viscosidad a 24.46 Pa s (es decir un aumento en la viscosidad del 41% después de la
exposicion a un campo eléctrico). In este experimento, al chocolate liquido Ic llevo
aproximadamente | minuto fluir entre los dos elecirodos y en e! contenedor 314.

[41]  Despucs de 10 minutos, se desconectd ¢l campo eléetrico y la velocidad de flujo empezo a
disminuir indicando que la viscosidad reducida volvio gradualmente a su valor original (es decir vea
datos 406. 408 y 410 ¢n los que la velocidad de flujo disminuye gradualmente con el tiempo después
de que sc ha desconectado el campo eléetrico). En otros experimentos se volvi6 a aplicar el campo
eléctrice al chocolate liquido y se repitioé la reduccion en la viscosidad,

|42] 1. figura 3B cs otro banco de pruebas similar al banco de pruebas de la figura 3A. Sin
embargo. el banco de prucbas de la figura 3B usa gas presurizado (no un peso) para forzar ¢l
chocotlate liguido a través de la tuberia 320. Ademas, el banco de pruebas de 1a figura 3B esta
ubicado dentro de la incubadora 328 para mantener ¢! chocolate a la temperatura deseada. Por lo
tanto la superficie de calentamiento 306 no es necesaria en este banco de pruebas.
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[43]  En gencral, gas presurizadoe {por e}. nilrégeno) bajo el control de la computadora 318 se aplica
al chocolate liguido 308 a través de la tuberia 322, En respuesta a la presién aplicada, el chocolate
liquido 308 sc fuerza a traves de mallas electrificadas 310/312, a través del tubo 320 y en el
contenedor 314 donde se mide su peso en la balanza 316. El campo de prucbas en la figura 3B
también puede incluir un sensor de lemperatura 326 que permite a la computadora monitorizar la
temperatura del chocolate liquido durante el proceso de pruebas.

|44]  l.afrgura 4B muestra la relacion entre cl tiempo de aplicacion del campo eléctrico v la fuerza
optima del campo eléetrico para el banco de pruebas de la (igura 3B. En general, a medida que
aumenta ¢l tiempo de aplicacion, la fuerza del campo eléetrico disminuye (es decir, cuanto mds
tiempa tarda cn [luir el chocolate a través del campo cléctrico, mas baja tiene que ser la fucrza de
campo). Lsta relacion inversa se muestra cn las filas 412, 414, 416, 418, 420 v 422 de Ja tabla en la
ligura 4B.

[45] T.afigura 4C muestra una grafica de la viscosidad del chocolate liquido (424 y 426) en
funcién del tiempo para el banco de pruebas de la figura 3B. En un cjemplo, (correspondiente a la fila
414 de la higura 4B) una muestra de chocolate a 40°C le llevé 9.37 segundos fluir a través de un
campo eléctrico de 1838 V/am. Ln este cjemplo, la viscosidad se redujo de 43,23 Pas (vea 424) a
29.53 Pa s (vea 426). Esta particular aplicacion del campo eléctrico produjo una reduccion del 31.7%
en la viscosidad.

[46]  Para chocolate iemperado, se encontrd que el campo eléetrico necesario era liperamente
superior. kn general para temperar el chocolate, se ralla el chocolate solido. Para producir ralladuras
finas, se usa una malla para filtrar las particulas, Chocolate solido con un didmetro inferior a un
tamafio [3jo (por ej. 150 micrametros) se usa como semilla. So funde alrededor de 1 kg de chocolate a
40°C v sc enfria a 30°C. Después de que se mezelaron 10 g de chocolate solido fino. se empezd el
experimento usando el banco de prueba. Se hace notar que la viscosidad del chocolate temperado
aumenta muy rapidamente. Solidilica en aproximadamente 30 minutos. Dentro de este periodo de
tiemipo, sin embargo, se puede aplicar un campo elécirico para reducir su viscosidad.

[47]  Las figuras 4D y 41% muestran graficas de la velocidad de {lujo (428, 430, 432, 434, 436, 438
y 440) y viscosidad (442, 444, 446, 448, 450, 452 y 454) en relacidn al tiempo respectivamente para
¢l chocolate temperadoe. Como se muestra en la figura 4D, nueve minutos después de la mezela, la
velocidad de flujo era 0.477545 g/s (vea 428) bajo [.56 Psi de presion. Cuando se conectd ¢l campo
cléctrico. la velocidad de flujo aumento de 0.584745 g/s (vea 430) (un aumento del 22.45%). Después
de 100 segundos de la aplicacion del campo elécetrico, se desconecté el campo eléctrico v la velocidad
de flgo correspondiente era de 0.465407 g/s (vea 432). La velocidad de flujo se midid cada 30
segundos desde ese momento. En aproximadamente 180 segundos, la velocidad de fTujo disminuyo
de 0.33801 g/s (vea 440) (una reduccion del 27.3%). Esto indicéd que el chocolate temperado sc
estaba solidificando.

[48]  De la velocidad de Mujo, se dedujo que la viscosidad (vea tigura 4E) era aproximadamenle
121.82 Pa s (vea 442) nueve minutos después de la mezela. Cuando s¢ aplico un campo eléctrico de
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1.2 kViem. la viscosidad bajo a 99.487 PPa s (vea 444). Después de gue sc desconecto el campo
eléclrico, la viscosidad cra de 125.0 Pa s (vea 446). Iin oiros tres minutos, la viscosidad saumento a
172.1 Pa s {vea 454).

[49]  Sc hace notar que los inventores han descubierto que un rango adecuado para ¢l campo
eléelnico ¢s entre 100 Viem y 6600 V/em y funciona particularmente bien en el rango de 500 Viem a
800 V/em para algunas clases de chocolate {por ¢j. chocolate con leche que se puede obtener en
Hershey, Hershey Pensilvania). Si el campo clécetrico aplicado es demasiado débil. puede que no se
note la reduccion en la viscosidad. Por otra parte, si el campo eléctrico aplicado es demasiado fuerte,
la viscosidad puede, de hecho, aumentar. Porque el chocolate liquido ticne un gran efecto
elcetroreological (1XR) los agregados de estructura solida pueden hacerse demasiado grandes si se
exponen a un campo cléctrico demasiado fuerte, lo que podria llevar a un aumento en la viscosidad
{por ¢]. s los agregados aumentan de tamafio de micrémetro a un tamafio macroscépico mayor),

[S0] Como se ha descrito mas arriba, la duracion del campo eléctrico s¢ puede elegir en basc a la
luerza del campo eléetrico seleccionada (por ej. si el campo es mas fuerle, entonces la duracion se
puede acortat) o viceversa, También se hace notar que la duracion del campo cléetrico aplicada al
chocolate liquido es igual al tiempo que le lleva al chocolate liquido pasar a través del campo
eléctrico. La duracion de este tiempe se puede cambiar st fuera necesario ajustando la velocidad de
[Tujo del chocolate liquido (por ¢j. aumentando/disminuyendo la energia de la bomba) y/o
aumentando/disminuyendo la separacion entre los dos electrodos, Seleccionande una combinacion de
ta Tuerza del campo elécirico y la duracidn de ese campo, se pucede optimizar la reduccion en la
viscosidad para el {lujo del chocolate liquido en la tuberia. Ademas s¢ hace notar que se vio que la
corriente elcelrica que MMuye entre las mallas en los bancos de pruebas era muy pequedia (por ¢j. un
par de micro amperios). Iisto indica que el sistema es eficiente energéticamentc al mismo tiempo que
reduce la viscosidad del chocolate.

[S1]  Aunque ¢l invenlo se tlustra y describe en la presente con referencia a encarnaciones
cspecificas, no es la infeneién que el invento esté limitado por los detalles mostrados. Sino que se
pueden hacer varias modificaciones en los detalles dentro del alcance v rango de equivalencia de las
reclamaciones y sin apartarsc del invento.
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RECLAMACIONES

1. Un método para producir un producto de chocolate, el método incluye:

suministrar chocolate liquido con cierta viscosidad a través de una tuberia a lo largo de una
via de suministro a una estacton de produccion para producir un producto de chocolate, el chocolate
Hguido incluye particulas solidas suspendidas en el chocolate liquido; y

cambiar la viscosidad del chocolate liquido mediante la aplicacion de un campo eléctrico al
chocolate liquido en una dircecion a lo largoe de la via de suministro de una fuerza y duracion
determinada para agregar las particulas solidas suspendidas en {formas aerodinamicas que sc
cxtienden en la direccidn de la via de suministro.

2, I-l mc¢tlodo de la reclamacion 1., en ¢l que cambiar la viscosidad comprende:
aplicar el campo eléctrico e¢n un rango de {uerza entre 300 V/em y 1000 Viem.

-

El método de tareclamacion |,
en el que el chocolate Hquido comprende grasa derrenida y particulas solidas suspendidas en la
grasa derretida, y

cn ¢l que las particulas solidas suspendidas incluyen al menos una de particulas de azicar,
particulas de cacao o particulas de leche,

4, Bl método de la reclamacion 1, que comprende ademads:
¢l determinar la fuerza y duracion para la aplicacion del campo eléctrico al chocolate liquido
basado en una consistencia predetcrminada del producto de chocolate.

5. El métedo de la reclamacton 1, que comprende ademas:
¢l determinar la fuerza y duracion para la aplicacion del campo eléctrico al chocolate liquido
basado en un contenido en grasa predeterminado del producto de chocolate.

0. Ll método de la reclamacion 1, que comprende ademads:
determinar a fucrza y duracion para la aplicacion del campo eléetrico al chocolate liguido
basado en un tipo de chocolate usado en la produccion del producto de chocolate.

7. El método de la reclamacion 1.
controlando la fuerza y duracion para la aplicacion ¢l campo eléctrico basandose en la
veloctdad de flujo del checolate liquide determinada a lo largo de la via de suministro.

8. b método de ta reclamacién 1.
centrelando la fuerza y duracion para la aplicacion del campo eléctrico basandose en la
viscosidad del chocolate liguido determinada a lo largo de la via de suministro.

9. Lmétodo de la reclamacion 1.
temperando el chocolate liquido antes de la suministracion del chocolate liquido a través de la
luberia
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10, Ln sistema para producir un producto de chocolate, el sistema comprende:

una tuberia de suministro de chocolale para que {luya el chocolate liquido con una cicrla
viscosidad a lo largo de la via de suministro a una estacion que produce el producto de chocolale, el
choeolate liquide incluye particulas liquidas suspendidas en el chocolate liquido; y

al menos dos electrodos integrados dentro de la tuberia de suministro de chocolate para
cambiar la viscosidad del chocolate liquido mediante la aplicacion de un campo ¢léetrico al chocolate
liquido en una dircecion a lo largo de la via de suministro de una fuerza y duracion detertninada para
agregar las particulas solidas en lormas aerodinamicas que se extienden en la direccton de la via de
suministio,

1. Il sistema de la reclamacion 10,
en el que los al menos dos electrodos son mallas metalicas acopladas a un par de respectivos
terminales de saltda de una Tuenle de energia eléctrica que produce un campo cléetrico.

12. <l sistema de la reclamaction 10,
en ¢l que los al menos dos electrodos son anillos metalicos acoplados a un par de respectivos
terminales de salida de una fuente de energia eléctrica que produce un campo eléctrico.

13. El sistema de la reclamacion 10, comprendiendo ademas
un controlador acoplado a los al menos dos electrodos para controlar la fuerza v duracion del
campo ¢léetrico aplicado al chocolate liquido para reducir la viscostdad a un nive! predeterminado.

14. I:] sistema de la reclamacion 10, comprendiendo ademas

un controlador. y

¢n donde ¢l controlador controla una velocidad de fluide del chocolate liquido para ajustar la
duracion del tiempo durante ef cual se aplica el campo eléctrico al chocolate liquido.

15, k1 sistema de la reclamacion 10, donde

los electrodos estan cspaciados para producir una sepatacion entre los electrodos, y la
scparacion sc ajusta para controlar cl ticmpo durantce ¢l cual se aplica el campo eléctrico al chocolate
liquido.

16, I:I sistema de la reclamacion 10, comprendiendo ademas

una fuente de prasa derretida; y

un controlador controlando una cantidad de grasa derretida incluida en ¢l chocolate liguido
basada en el campo eléctrico,

17. I:I sistema de la reclamacion 10, comprendiendo ademas
un sensor localizado en la tuberia de suministro del chocolate para medir la velocidad de flujo
o viscosidad del chocolate liquido.

18, L.l sistema de la reclamacion 17, comprendiendo ademas

una bomba para bombear ¢l chocolate liquido a través de la tuberia de suministro del
chocolate, la velocidad de Ta bomba se controla basandose en una sefial recibida de! sensor localizado
en la tuberia de suministro del chocolate.
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19. Un sistema para producir un producto de golosina bafiado en chocolale, €l método
comprendiendo:

una tuberia de suministro de chocolate y una bomba paia hacer iluir el chocolate liquido con
cierta viscosidad a lo largo de la via de suministro a un aplicador, el chocolale liquido incluyendo
particulas solidas suspendidas en ¢l chocolate liquido, el aplicador aplicando ¢l chocolale liquido a un
producto de golosina para producir ¢l producto de golosina bafiado en chocolate:

al menos dos clecirodos integrados dentro de la tuberia de suministro del chocolate para
cambiar la viscosidad del chocolate liquido mediante la aplicacion de un campo cléctrico al chocolate
liquido en una dircecion a lo largo de la via de suministro a una aplicador de una luerza y duracion
para agregar las particulas solidas suspendidas en formas acrodinamicas que se extienden a lo largo
de la direccion de la via de suministro; y

un controlador para controlar la fuerza del campo eléetrico, la duracidn del campo eléctrico y
una velocidad de bombeo de la bomba para suministrar chocolate liquido a una viscosidad
predeterminada al aplicador.

20. Ll sistema de la reclamacion 19, comprendiendo ademas

al menos otros dos clectrodos  integrados dentro de la tuberia de suministro del chocolate para
cambiar la viscosidad del chocolate liguido mediante la aplicacidn de otro campo eléctrico al
chocolate liquido en una direccion a to largo de la via de suministro al aplicador,

21. El sistema de la reclamacion 19, comprendiendo ademas
sensores integrados dentro de la tuberia de suministro <lel chocolate para percibir la velocidad
de flujo o la viscosidad del chocolale liguido.

22, Il sistema de la reclamacion 19, donde
¢l controlador determina una velocidad de flujo o una viscosidad del chocolate liguido
basandose en el consumo de cnergia eléctrica de ja bomba.

23, El sistema de la reclamacion 19, donde
el chocolate {iquido sc bombea desde un tanque de chocolate liquido y el controlador controla
ta mezela del chocolate liquido en ¢! tanque basandose en la viscosidad predeterminada.

24. L'l sisterna dc la reclamacion 19, donde

el controlador incluye una interfaz de operador que tiene una entrada y un monitor para un
operador dcl sistena para controlar manualmente la velocidad de flujo o viscosidad del chocolate
liguido.

251 Ll sistema de la reclamacion 19, donde
los al menos dos electrodos son electrodos metalicos recubiertos con plastico de grado
alimenticio no conduclor.
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CES|ON — Solicitud de Patente Numero de expediente. TUN-603USP

Considerando que, el cedente, que comprende a los siguientes inventores:

CEDENTE(s) 1. Rongjia Taa 2. Hong Tang
INVENTOR(s)

3 4

S 6.

Cred unainvencion  ttulada: METODO DE PRODUCCION DE CHOCOLATE Y AFARATOS

Para la cual una salicitud de patentes de invencion de los Estados
Unidos: {Seleccione una de las siguientes):

se ejecuta simultdneamente con ia presente

fue presentada ante la cficina de Patentes y marcas de los
Estados Unidos el dia .
como una solicitud de patente de los Estados Unidos con No. de
Serie:

CESIONARIO (Nombre  |yppp| E UNIVERSITY - del Sistema de educacion superior de Ia
completo y direccién)

Commonweaith
Broad Street and Montgomery Avenue Philadelphia, PA 19122-6099

Esta interesado en adguinir todo el interés de y para la invencién mencionada y las patentes de invencién para ser
obtenidas que se obtengan de la misma.

Ahora, por ende, en consideracion ai pago realizade por el cesionario al cedente de una suma
correspondiente a un dolar ($1.00), y por otra consideracion buena y valiosa, el recibo de las cuales se reconocen
por este medic, el Cedente, con la intencién de obligarse legalmente. por la presente vende, cede y transfiere al
cesionario, sus sucesares y cesionarios, plena y exclusivamente los derechos, titulos e intereses sobre y para dicha
invencién, todas las solicitudes de patentes de invencion de dicha invencién, incluyendo todas las divisiones,
continuacicnes y continuacicnes en parte de la misma, tode derecho a reclamar prioridad basado en la misma, y
todas (as Patentes de invencion, incluyendo reediciones, que se obtengan de {2 misma, inciuyendo cualquiera y
todos les derechos de patente extranjera de esta invencion que correspondan a la misma.

El cedente garantiza por este medio que ninguna cesidn, venta, acuerdo o gravamen ha sido 0 sera
realizado o celebrada que entrara en conflicto con esta asignacidn

El cedente acepta que quedara legalmente obligado, a peticién del cesionario o sus sucesores o cesionarios
o un representante legal de la misma, a facilitar toda la informacién y pruebas de las gue el cedente tenga
conacimiento o posesidn, en relacion con ia elaboracién y la practica de dicha invenciédn, al testificar en cualguier
procedimiento legal relativo a la misma, para ejecutar todos los instrumentos apropiados para patentar la invencion
en los Estados Unidos de América y los paises extranjeros en el nombre del cesionario, y ejecutar todos los
instrumentos adecuados para llevar a cabo |a intencién de este instrumento.

Si la invencion reguiere un depédsito biolégico, el Cedente otorga también al cesionario tal centrol sobre
cualquier deposito hecho por el Cedente que sea necesario para la validez de los derechos de patentes asignadas
en el presente documento
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CESION - Solicitud de Patente e ped

TUNEO3USP

El Cedente autoriza al abogado del Cesionario a insertar al final de este documento el numero de serie
y la fecha de presentacion de la solicitud mencionada para las Patentes de invencion de los Estados
Unidos y/o el numero de expediente de abogado o archivo designado para esta solicitud si no ha sido

identificade arriba.

51 el Cedente incluye a mas de un individuo, estas obligaciones aplicardn para estas personas. tantc

individual como colectivamente.

En fe de Io cual. esta asignacion se ejecuta en el dia indicado a continuacion.

| Nombre impreso

\ Rorgjia Tao

2 Hong Tang

FIRMA

—

Firma Fecha
(\legibie; 20 de enero de 2012
(llegible) 20 de enero de 2012
Testigo del cedente No_ 1
(llegible) 20 de enero de 2012
(llegible) 20 de enero de 2012

Testigo del cedente No. 2

Testigo del cedente No. 3

Testigo del cedente No 4

Testigo del cedente No 6

Testigo del cedente No. 6

Solicitud para patentes de invencién Los Estados Unidos

dr
Serial No
Presentado:

Numero de expediente de abogado:  TUN-603USP

Numero total de paginas de la cesion 2

* Se recomienda anexar fima del testigo, obligatonia para algunos
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ASSIGNMENT -fat_ent Application Docket Number: TUN-603USP

Whereas, the Assignor, comprising the following named inventors:

T
1. Rongjia Tao J 2. Hong Tang

ASSIGNOR(s)/ ,
INVENTOR(s} | =

5 le.
|

4,

made an invention entitied, CHOCQOLATE PRODUCTION METHOD AND APPARATUS

for which an application for Letlers Patent of the United Slates
{Selact one of the following):

[l is executed concurrenlly herewith
[J was filed in the U.S. Patent and Trademark Office on
as U.S. Palent Application Serial No.:

TEMPLE UNIVERSITY - of the Commonwealth System of Higher Education

ASSIGNEE

(Full Name and Address) Broad Street and Montgomery Avenue

Philadelphia, PA 19122-6099

is desirous of acquiring the entire interest in and Lo said Invention and the Letters Patent to be obtained therefor,

Now, therefore, in consideration of the payment by Assignee to Assignor of a sum corresponding to One
Dollar ($1.00), and for other good and valuable consideration, the receipt of which is hereby acknowledged,
Assignor, intending to be legally bound, hereby sells, assigns and transfars fo Assignee, its successors and
assigns, the full and exclusive right, title and interest in and to said invention, all applications for Letters Patent for
said invention, including all divisions, continuations, and continuations-in-part therecf, all rights to claim priority
based thereon, and all Letters Patent, including reissues, to be obtained therefor, including any and all foreign
patent rights in this invention corresponding thereto,

Assignor hereby warrants that no assignment, sale, agreement or encumbrance has been or will be made
or entered into which would conflict with this Assignment.

Assignor agrees it shall be legally bound, upon request of the Assignee or its successors or assigns or a
legal representative thereof, to supply all information and evidence of which the Assignor has knowledge or
possassion, relating to the making and practice of said invention, to testify in any legal proceeding refating
thereto, to execute all instruments proper to patent the Invention in the United States of America and foreign
countries in the name of the Assignee, and to execute all instruments proper to carry out the intent of this l
instrument.

If the invention requires & biological deposit, Assignor aiso grants to Assignee such control over any
deposit made by Assignor as may be necessary to the validity of the patent rights assigned herein. I
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ASSIGNMENT - Patent Application Dockel Number: TUN-603USP |

Assignor authorizes Assignor's atlorney to insert at the end hereof, the serial number and filing date of
the aforesaid application for United States Letters Patent and/or the Atterney Docket or file designalion for this
appllcation if not identified above

If the Assignor includes more than one individual, these obligations shall apply to these individuais both
individually and calectively.

In witness whereof, this Assignment is executed on the day indicated below.

Typedor Printed Name ~~~ Signatwre =~~~ Date

1. Rongjia Tac %’\:—" ,_’—/'#’U \];ﬂ. }o; 201 2
v

A g A TCan ., 24 30100

" Witness to Asslanor #1 m— S

g’)ﬁ;’%—ﬂ-—— I ;?;

<

2. Hong Tang
o et
A g
/X e~ ’76"1 Ygun, 29 2215
ey ) * witness I Assignor #2 |
3.
SIGNATURE | P— . _. % Witness to Asslgnor #3_ o
4
% Witness to gBSignor #4 e e
5.
. TF\itpesstoAssianor#5 -
6.

b e " Wilnessto Assignor#6

Apphication Tor United States Letters Patent:

Serial No : el

Flled: —

Attorney Dockat Number: TUN-803USP

Total Number of Assignment Pages @ * Wilness signalure recommendad, mandalory lor some countrias
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CHOCOLATE PRODUCTION METHOD AND APPARATUS
CROSS REFERENCE TO RELATED APPLCATIONS

[1] This application ciaims priority to U.S. Provisional Application No.61/592,648,
filed January 31, 2012. The contents of U.S. Provisional Application N0.61/592,648 are
incorporated by reference herein.
FIELD
[2] The present invention relates to chocolate production methods and apparatus.
SUMMARY
[3] The present invention relates to a method and an apparatus for producing a
chocolate product. The method includes delivering liquid chocolate having a viscosity
through a pipe atong a delivery path to a production staticn for producing the chocolate
product. The liquid chocelate includes solid particles suspended within the liguid
chocolate. The method changes the viscosity of the liquid chocolate by applying an
efectric field to the liquid chocolate in a direction along the delivery path to aggregate
the suspended solid particles into streamline shapes arranged in short chains extending
along the direction of the delivery path.
BACKGROUND
[4] Chocolate contains antioxidants and therefore may provide health benefits.
Conventional chocolate products contain excess fat which may lead to health concerns
such as obesity. In fact, most chocolate products contain 25% to 35% fat content.
[5] In general, liguid chocolate used to manufacture chocelate products includes
excess melted fat (e.g. cocoa butter) that is purposely added to the liquid chocolate in
an attempt to tower the viscosity for manufacturing purposes. This excess melted fat is
used because even at the chocolate melting temperature, the viscosity of liquid
chocolate may be too high for manufacturing. Thus, an unhea'thy amount of fat may
be added to the liquid chocolate for the purposes of reducing the viscosity during
manufacturing.
BRIEF DESCRIPTION OF THE FIGURES
6] Figure 1 is a graph depicting the relationship between shear stress and shear
rate for liquid chocolate according to an embodiment of the present invention.
[7] Figure 2A is a side view of an electric field being applied to the liquid chocotate
as it flows through a pipe according to an embodiment of the present invention.
[8] Figure 2B is a side view of an electric field being applied to the liquid chocelate
as it flows through a pipe according to another embodiment of the present inventian.
[9] Figure 2C is a side view of solid columns formed perpendicular to the flow of the

liquid chocolate within the pipe according te an embodiment of the present invention,
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[10] Figure 2D is a side view of chocolate product manufacturing equipment applying
an electric field to the liquid chocolate according to an embodiment of the present
invention.
[11] Figure 3A is a system diagram of a test bench utilized to measure the flow rate
of the liguid chocolate as an electric fieid is applied according to an embodiment of the
present invention,
[12] Figure 3B is a system diagram of another test bench utilized to measure the
flow rate of the liquid chocolate as an electric fieid is applied according to an
embodiment of the present Invention.
[13] Figure 4A is a graph depicting the flow rate versus time as an electric field is
applied to the liquid chocolate in the test bench of Figure 3A accerding to an
embodiment of the present invention.
[14] Figure 4B is a table depicting the electric fieid application time versus strength
as an electric field is applied to the liquid checolate in the test bench of Figure 3B
according to an embodiment of the present invention.
[15] Figure 4C is a graph depicting the viscosity versus time as an electric fieid is
applied to the liquid chocolate in the test bench of Figure 3B according to an
embodiment of the present invention.
[16] Figure 4D is a graph depicting the flow rate versus time as an electric field is
applied to the liquid chocolate in the test bench of Figure 3B according to an
embodiment of the present invention,
[17] Figure 4E is a graph depicting the viscosity versus time as an electric field is
applied to the liquid chocolate in the test bench of Figure 3B according to an
embodiment of the present invention.

DETAILED DESCRIPTION
[18] The present invention provides methods and systems for reducing the viscosity
of liguid chocolate as it is flowing (e.g. through a meta! or plastic pipe) or coating a
product during production of a chocolate product. Specifically, an electric field is
applied along the direction of the flow of the liguid chocolate {e.g. along a direction of a
delivery path through the pipe delivering liquid checolate to a production station that
preduces chocolate products) at a specified strength and duration in order to aggregate
solid particles suspended within the liquid chocolate. As the particles aggregate into
streamlined shapes along the flow direction, the viscosity of the liquid chocolate
decreases, The size of the streamlined aggregates is controlled by the combination of
electric field strength and duration. Embodiments of the methods and systems
described herein allow for control of liguid choceolate viscosity without the need to add

excess melted fat,
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[19] Liguid chocolate is a suspension comprised of solid particles (e.g. sugar
particles, cocoa particles, milk particles, etc,) suspended in a liquid that is typically
melted fat (e.g. cocoa butter or an equivalent). In general, liquid cocoa butter behaves
as a Newtonian fluid. However, with the addition of the suspended particles, the liquid
chocolate deviates from Newtonian behavior. In general, the shear stress of the liquid
chocolate has pseudo plastic behavior. As shown in Figure 1, the relationship between
the shear stress and the shear rate is close to exponential (i.e. it is not linear}, and

can be modeled by the Casson Model shown in equation 1 below,
U8 = gf'% 4 Ky ()" (Equation 1)
where & s the shear stress, 7 ,is the vield shear stress, : is the shear rate and &1 is

a constant. From the Casson model it is found that the viscosity = of liquid chocolate

(described in equation 2) decreases as the shear rate increases.

(Equation 2)
[20] Two characteristics of liquid chocolate is yieid shear stress and its viscosity. The
value of the yield shear stress is related to the minimum energy required to start the
chocolate flowing. If the yield shear stress is high, the chocolate will be thicker and
tend to stand up, which may be beneficial for putting on sweets or in producing
chocolate morsels for baked cookies, for example. A low yield shear stress may be
beneficial to give a thin coating of chocolate over a biscuit, for example.
[21] In general, viscosity is a measure of resistance of a fiuid which is being
deformed by either shear or tensite stress. Viscosity determines the size of the pumps
needed to pump the liquid chocolate through pipes and determines a coating thickness
on a potential chocolate product. If a strong electric field is applied to liquid chocolate
in a direction perpendicular to the shear or flow direction (see Figure 2C}, then the
yieid stress and viscosity are increased. As chocolate flows from section 202 in pipe
206 towards section 204, the electrical field applied by electrodes 208 and 210 {e.qg.
acting as a capacitor) induce the solid particles in the liquid chocolate to alian with each
other and form solid vertical columns 218 perpendicular te the flow by a dipolar
interaction. This effect (i.e, the Winslow effect) increases the viscosity of the liquid
chocolate exposed to the electric field and may completely stop the flow of chocolate
through plpe 206 {i.e. vertical columns 218 perpendicular to the flow would block the
flow from exiting the pipe at 204).
[22] By arranging the electrodes in a manner shown in Figures 2A and 2B, however,
an electric field is generated between the electrodes in a direction parallel or anti-

parallel (i.e. along the delivery path) to the flow of the chocolate through pipe 206.
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The delivery path may be flowing from a vessel which holds the liguid checolate,
through the pipe, to a production station that produces chocolate products at a desired
VISCOSILy.

[23] FElectrodes 208 and 210 are positioned within pipe 206. In one embodiment
(Figure 2A}, electrodes 208 and 210 may be metallic meshes (e.g. a pair of grates)
that allows the chocolate to flow through the electrodes along the delivery direction of
the pipe. In ancther embodiment (Figure 2B), electrodes 208 and 210 may be metallic
rings, which are formed or mounted on the pipe’s inner wall. Electrodes 208 and 210
may be electrically connected to an etectrical power supply 212 that includes a power
source and an electronic controller 232 for applying a voltage potential across
electrodes 208 and 210, which results in an electric field between the electrodes.
Electrodes 208 and 210 may also be coated with a non-conductive material (e.g. food
grade plastic and/or rubber) to prevent the liquid chocalate from coming in direct
contact with the electrodes. This coating may be useful in reducing electrical current
flowing between the electrodes, and ensuring the integrity of the metallic electrodes
over prolonged use.

[24] 1In general, as the liquid chocolate flows through pipe 2086, it has a relatively
high viscosity in region 202, including 214, As it flows between electrodes 208 and
210, the solid particles suspended in the liguid chocglate begin to agglomerate into
larger stream line aggregates resuiting in a reduced viscosity in region 216 and 204,
[25] Specifically, as shown in Figure 2A and Figure 2B, as the liquid chocolate flows
from the left to the nght along pipe 2086, the liquid chocolate passes through the
electric field between electrodes 208 and 210. The solid particles suspended in the
liquid phase are polarized by the electric fieid. The induced dipolar interaction farces
the particles to temporarlly aggregate into short chains or ellipsoids that are along the
flow direction. The size of the streamlined shapes may be relatively small {e.g. less
than or equal to one hundred micro-meters).

[26]} In general, the aggregated chains in Figures 2A and 2B are different from the
aggregated chains in Figure 2C, because the aggregated chains in Figures 2A and 2B
are small and are arranged along the flow direction of the liguid chocolate. The flow of
these streamlined particle aggregates becomes organized in short chains along the pipe
direction, so that the apparent viscosity of the liquid chocolate is reduced.

[27] Thus, the relatively high viscosity liquid chocolate on the left side of the pipein
Figure 2A and Figure 2B is agglomerated between electrodes 208 and 210 which
produce a liquid chocolate on the right side of pipe 206 having reduced viscosity. The
reduced viscosity may gradually increase back to the original viscosity value over a

period of time after being exposed to the electrical fieid.
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[28] In operation, liquid chocolate passes through electrodes 208 and 210 positioned
in at least one of a plurality of locations within a delivery pipe (e.g. a metal or plastic
vessel) during the manufacture of chocolate products (e.g. candy bars, etc.). An
example of chocolate product manufacturing equipment is shown in Fig. 2D where
liquid chocolate is pumped from tank 220, through pipe 206 (along delivery path 250)
and is applied to candy 246, for exam'ple, using applicator 222 to produce a chocolate
product 244 (e.g. a chocolate covered candy bar).

[29] Controller 232 (e.g. a microprocessor, a FPGA, a dedicated circuit, etc.) controls
an electrical power supply (internal the controlier or external (not shown)) to generate
and apply the same voltage (e.g. of a predetermined magnitude) or different voltages
to the electrode pairs at locations 252 and 254 (via wires 224, 226, 228 and 230). The
application of the voltages to the electrodes produces an electric field at a specified
polarity along the flow direction (i.e. the delivery path 250) of the liquid chocolate,
which changes the viscosity of the liquid chocolate. The magnitude of the voltages
applied to the electrodes along with the spacing between the electrodes determines the
strength of the electric field.

[30] ‘It is noted that the electric field may be a direct current (DC) or an alternating
current (AC) electric field that is applied to the liquid chocolate. It is also noted that
the metallic meshes or metallic rings may be of essentially any configuration that
provides an electric field along the flow direction of the liquid chocolate while allowing
the liquid chocolate to pass along a flow path between the electrodes.

[31] It is noted that the applied electric field is selected to be in a strength range
that is conducive to reducing the viscosity of the liquid chocolate. For example, if the
electric field strength is too small, reduction in viscosity may be insignificant or may not
occur at all. If the electric field strength is too large, the viscosity may actually be
increased.

[32] It is noted that the duration of the electric field is also chosen to be in a range
that is conducive to reducing the viscosity of the liquid chocolate. In one example,
after the applied electric field strength is selected, an appropriate duration of the field
application to the liquid chocolate may then be selected. This time duration may be
related to the strength of electric field. For example, if the field is first selected to be
strong, the duration may then be selected to be short. In another example, the electric
field duration may be selected first, and then an appropriate electric field strength may
be selected based on the duration. In general, by selecting an appropriate combination
of electric field strength and electric field duration, an optimal viscosity reduction for

liguid chocolate may be attained.
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[33] In one example, controller 232 may be programmed or controlled by an
operator to ensure that a predetermined viscosity of the liquid chocolate flowing
through pipe 206 is obtained. For example, controller 232 may be programmed to
deliver liguid chocolate at a desired viscosity to applicator 222 to ensure that candy
246 on assembly line 242 are coated properly to produce desired chocolate products
244, These parameters along with other parameters such as temperature may be
utilized by the controller 232 to determine an electric field strength and a duration to
obtain a predetermined viscosity of the liquid chocolate that is beneficial for producing
chocolate products such as a candy bar.

[34] In some products, a thicker chocolate may be desired while in other products, a
thinner chocolate may be preferred. Thus, the viscosity of the liquid chocolateAmay be
controlled depending on requirements of the chocolate products.

[35] Sensors (not shown) such as flow rate and/or temperature sensors may be
implemented in the pipe to determine the viscosity of the liquid chocolate at one or
more locations during the manufacturing process. In another example, the electrical _
power being consumed by the pump may also be used as an indicator of flow rate
and/or viscosity of the chocolate‘ (i.e. high power consumption may indicate high
viscosity). This data may then be utilized by the controller 232 to further control the
electric field applied to electrodes 208 and 210. For example the liquid chocolate may
be maintained below a predetermined viscosity level to ensure proper functioning of
the manufacturing equipment,

[36] Itis shown in Fig. 2D that the controller may communicate (i.e. receive and/or
transmit information) to control various pieces of equipment in the manufacturing
process using one or more control lines. These (wired or wireless) control lines may
include, but are not limited to, chocolate applicator line 234, conveyor belt line 236,
operator interface line 237, pump line 238, sensor line 240 and/or valve line 241.
[37] In one example, the controller may control the production equipment by
controlling the electric field applied to the liquid chocolate, pumps pumping the liquid
chocolate through the pipe, applicators applying the liquid chocolate to the candy
prdducts, conveyor belts moving candy for application of liquid chocolate, heating
devices heating the liquid chocolate, sensors for detecting various characteristics of the
liquid chocolate (e.g. temperature, flow rate, viscosi'ty, etc.), valves for ailowing the
liguid chocolate to flow through pipes and applicators, valves for mixing ingredients
(e.g. melted fat) into the liquid chocolate and a user interfaces for interfacing (i.e.
inputting and outputting information) to an operator.

[38] Figure 3A is a test bench setup that was utilized to test the viscosity of liquid
chocolate in the presence of an electric field. As shown in Figure 3A, a heating surface



10

15

20

25

30

35

WO 2013/116428 PCT/US2013/023988

-7 -

306 maintains the chocolate in a liquid form. The liquid chocolate 308 is then forced
through metatlic meshes 310 and 312 by a weight 302 and piston 304. As the liquid
chocolate 308 is forced between electrodes 310 and 312, it is exposed to an electric
field if a voltage is applied to the electrodes and its viscosity is reduced (i.e. its flow
rate is increased if an electric field of a desired strength and duration is applied). The
liguid chocolate with low viscosity is then collected in a container 314. The flow rate is
then measured by a computer 318 connected to a balance 316.

[39] In one experiment, the liquid chocolate is maintained around 40°C utilizing
heating surface 306. Under gravity, the liquid chocolate flowed through the metallic
meshes 310 and 312 which applied a predetermined electric field in the flow direction
of the chocolate. The balance 316 measured the liquid chocolate’s mass as a function
of time. This allowed the flow rate through pipe 320 to be determined.

[40] Figure 4A shows a graph of the flow rate of the liquid chocolate (402, 404, 406,
408 and 410) versus time for the test bench in Figure 3A. For the data in Figure 4A,
there was no additional weight applied. The liquid chocolate first flowed down through
the pipe without any electric field being applied. The flow rate was approximately
0.0106 g/s (see 402) indicating that the viscosity of the liquid chocolate is about 41.3
Pa.s. After an electric field of 575 V/cm was applied, the flow rate was increased to
0.01798 g/s (see 404) which reduced the viscosity to 24.46 Pas, (i.e. a 41% decrease
in viscosity after being exposed to the electric field). In this experiment, the liquid
chocolate took approximately 1 minute to flow by the two electrodes and into container
314.

[41] After 10 minutes, the electric field was turned off, and the flow rate began to
decrease indicating that the reduced viscosity gradually returned to its original value
(i.e. see data 406, 408 and 410 where the flow rate gradually decreases over time
after the electric field has been turned off). In other experiments, the electric field was
reapplied to the liquid chocolate and the v‘iscosity reduction was repeated.

[42] Figure 3B is another test bench similar to the test bench in Figure 3A. However,
the test bench in Figure 3B uses pressurized gas (not a weight) to force the liquid
chocolate through pipe 320. Also, the test bench in Figure 3B is located inside an
incubator 328 to keep the chocolate at a desired temperature. Heating surface 306 is
therefore not needed in this test bench.

[43] In general, pressurized gas (e.g., nitrogen) under control of computer 318 is
applied to liquid chocolate 308 through pipe 322. In response to the applied pressure,
liquid chocolate 308 is forced through electrified meshes 310/312, through tube 320
and into container 314 where its weight is measured by balance 316. The test bench in
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Figure 3B also may include a temperature sensor 326 that allows the computer to
monitor the temperature of the liquid chocolate during the testing process.

[44] Figure 4B shows the relationship between the application time of the electric
field and the optimal electric field strength for the test bench in FigUre 3B. In general,
as the application time increases, the strength of the electric field decreases (i.e., the
longer it takes for the chocolate to flow thro-ugh the electric field, the lower the electric
field strength needs to be). This inverse relationship is shown in rows 412, 414, 416,
418, 420 and 422 of the table in Figure 4B,

[45] Figure 4C shows a graph of the viscosity of the liquid chocolate (424 and 426)
versus time for the' test bench in Figure 3B. In one example, (corresponding to row
414 in Figure 4B) a chocolate sample at 40°C took 9.37 seconds to flow through an
electric field with a strength of 1838 V/cm. In this example, the viscosity was reduced
from 43.23 Pa.s (see 424) to 29.53 Pa.s (see 426). This particular electric field
application produced a 31.7% reduction in viscosity.

[46] For tempered chocolate, it was found that the electric field needed to be slightly
higher. In general, to temper chocolate, solid chocolate is shaved. To produce fine
shavings, a mesh is used to filter the particles. Solid chocolate with diameter less than -
a set size (e.g., 150 micro-meters) are used as seeds. About 1kg chocolate was
melted at 40°C and cooled down to 30°C. After 10g fine Solid chocolate was mixed,
the experiment using the test bénch began. It is noted that the viscosity of the
tempered chocolate increases very fast. It solidifies in about 30 minutes. Within this
period, however, an electric field may be applied to reduce its viscosity.

[47] Figures 4D and 4E show graphs of flow rate (428, 430, 432, 434, 436, 438 and
440) and viscosity (442, 444, 446, 448, 450, 452 and 454) versus time respectively for
the tempered chocolate. As shown in Figure 4D, nine minutes after the mixing, the
flow rate was 0.477545 g/s (see 428) under 1.56 Psi of pressure. When the electric
field 1.2kV/cm was turned on, the flow rate increased to 0.584745 g/s (see 430) (an
increase of 22.45%). After 100 seconds of electric field application, the electric field
was turned off and the corresponding flow rate was 0.465407 g/s (see 432). The flow
rate was measured every 30 seconds thereafter. In about 180 seconds, the flow rate
decreased to 0.33801 g/s (see 440) (reduced by 27.3%). This indicated that the
tempered chocolate was solidifying.

[48] From the flow rate, it was found that the viscosity (see Fig. 4E) was about
121.82 Pa.s (see 442) at nine minutes after the mixing. When an electric field of 1.2
kV/cm was applied, the viscosity was down to 99.487 Pa.s (see 444). After the electric
field was turned off, the viscosity was 125.0 Pa.s (see 446). In another three minutes,
the viscosity was increased to 172.1 Pa.s (see 454).
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[49] Itis noted that the inventors have discovered that a suitable range for the
electric field is from 100 V/cm to 6000V/cm, and works particularly well in the range of
500 V/cm to 800 V/cm for some types of chocolate (e.g. Milk Chocolate available from
Hershey of Hershey Pennsyl\)ania). If the electric field applied is too weak, there may
be no noticeable viscosity reduction. On the other hand, if the applied electric field is
too strong, the viscosity may actually increase. Because the liquid chocolate has a
strong electrorheological effect (ER) the solid structure aggregates may become too
large if exposed to an electrical field that is too strong, which would lead to increased
viscosity (i.é. if the aggregates increase from micro-meter size to a larger macro-scopic
size).

[50] As described above, the duration of the electric field may be chosen based on
the selected strength of the electric field (i.e. if the field is stronger, then the duration
may be shortened) or visa versa. It is also noted that the duration of the electric field
applied to liquid chocolate is equal to the time for the liquid chocolate to pass through
the electric field. This duration can be changed if needed by adjusting the flow rate of
the liquid chocolate (e.g. increasing/decreasing pump power), and/or by
increasing/decreasing the gap between the two electrodes. By selecting a combination
of an electric field strength and a duration of the field, viscosity reduction can be
optimized for the flow of liquid chocolate through a pipe. It is furthermore noted that
the electric current flowing between the meshes in the test benches was found to be
very small (e.g., a couple of micro amperes). This indicates that the system is energy
efficient while reducing the viscosity of the chocolate.

[51] Although the invention is illustrated and described herein with reference to
specific embodiments, the invention is not intended to be limited to the details shown.
Rather various modifications may be made in the details within the scope and range of
equivalence of the claims and without departing from the invention,



10

15

20

25

30

35

WO 2013/116428 PCT/US2013/023988
-10 -
CLAIMS
1. A method for producing a chocolate product, the method comprising:

delivering liquid chocolate having a viscosity through a pipe along a delivery
path to a production station for producing the chocolate product, the liquid chocolate
including solid particles suspended within the liquid chocolate; and

changing the viscosity of the liquid chocolate by applying an electric field to the
liquid chocolate in a direction along the delivery path of a strength and duration
determined to aggregaté the suspended solid particles into streamlined shapes
extending along the direction of the delivery path.
2. The method of claim 1, wherein changing the viscosity comprises:

appiying the electric field in a strength range of 300V/cm to 1000V/cm.
3. The method of claim 1,

wherein the liquid chocolate comprises melted fat and the solid particles
suspended in the melted fat, and

wherein the suspended solid particles include at least one of sugar particles,
cocoa particles or milk particles.
4. The method of claim 1, further comprising:

determining the strength and duration for applying the electric field to the liquid
chocolate based on a predetermined consistency of the chocolate product.
5. The method of claim 1, further comprising:

determining the strength and duration for applying the electric field to the liquid
chocolate based on a predetermined fat content of the chocolate product.
6. The method of claim 1, further comprising:

determining the strength and duration for applying the electric field to the liquid

‘chocolate based on a type of chocolate used in the production of the chocolate product,

7. The method of claim 1,

controlling the strength and duration for applying the electric field based on the
determined flow rate of the liquid chocolate along the delivery path.
8. The method of claim 1,

controlling the strength and duration for applying the electric field based on the
determined viscosity of the liquid chocolate along the delivery path.
9. The method of claim 1,

tempering the liguid chocolate prior to delivering the liquid chocolate through
the pipe.
10. A system for producing a chocolate product, the system comprising:
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a chocolate delivery pipe for flowing liquid chocolate having a viscosity along a
delivery path to a production station for producing the chocolate product, the liquid
chocolate including solid particles suspended in the liquid chocolate; and

at least two electrodes integrated into the chocolate delivery pipe for changing
the viscosity of the liguid chocolate by applying an electric field to the liquid chocolate
in a direction along the delivery path of a strength and duration determined to
aggregate the solid particles into streamlined shapes extending along the direction of
the delivery path,.

11. The system of claim 10,

wherein the at least two electrodes are metallic meshes coupled to a pair of
respective output terminals of an electric power supply that produce the electric field.
12. The system of claim 10,

wherein the at least two electrodes are metallic rings coupled to a pair of
respective output terminals of an electric power supply that produce the electric field.
13.  The system of claim 10, further comprising

a controller coupled to the at least two electrodes to control the strength and
duration of the electric field applied to the liquid chocolate to reduce the viscosity to a
predetermined level.

14, The system of claim 10, further comprising

é controller, and

wherein the controller controls a flow rate of the liquid chocolate to adjust the
duration during which the electric field is applied to the liquid chocolate.

15. The system of claim 10, wherein

the electrodes are space to produce a gap between the electrodes, and

the gap is adjusted to control the duration during which the electric field is
applied to the liquid chocolate.

16. The system of claim 10, further comprising

a source of melted fat; and

a controller controlling an amount of melted fat included in the liquid chocolate
based on the electric fieid.

17. The system of claim 10, further comprising

a sensor located in the chocolate delivery pipe for measuring a flow rate or
viscosity of the liquid chocolate. '

18. The system of claim 17, further comprising

a pump for pumping the liquid chocolate through the chocolate delivery pipe, a
speed of the pump being controlled based on a signal received from the sensor located
in the chocolate delivery pipe.
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19. A system for producing a chocolate covered candy product, the method
comprising:

a chocolate delivery pipe and a pump for flowing liquid chocolate having a
viscosity along a delivery path to an applicator, the liquid chocolate including solid
particles suspended in the liquid chocolate, the applicator applying the liquid chocolate
to a candy product to produce the chocolate covered candy product;

at least two electrodes integrated into the chocolate delivery pipe for changing
the viscosity of the liquid chocolate by applying an electric field to the liquid chocolate
in a direction along the delivery path to the applicator of a strength and duration to
aggregate the suspended solid particles into streamlined shapes extending along the
direction of the delivery path; and

a controller for controlling the strength of the electric field, the duration of the
electric field and a pumping speed of the pump to supply liguid chocolate at a
predetermined viscosity to the applicator.

20. The system of claim 19, further comprising

at least two other electrodes integrated into the chocolate delivery pipe for
changing the viscosity of the liquid chocolate by applying another electric fiéld to the
liquid chocolate in a direction along the delivery path to the applicator.

21. The system of claim 19, further comprising

sensors integrated into the chocolate delivery pipe for sensing a flow rate or a
viscosity of the liquid chocoiate.

22. The system of claim 19, wherein

the controller determines a flow rate or a viscosity of the liquid chocolate based
on electric power consumption of the pump.
23. The system of claim 19, wherein

the liquid chocolate is pumped from a liquid chocolate tank and the controlier
controis mixing of the liquid chocolate in the tank based on the predetermlned
viscosity.

24, The system of claim 19, wherein

the controller includes an operator interface having an input and a display for an
operator of the system to manually control the flow rate or viscosity of the liquid
chocolate.

25. The system of claim 19, wherein
the at least two electrodes are metallic electrodes coated with non-conductive

food grade plastic.
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